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ffi v'yriV^OGrown-in^^^y— (PIfM) XhZ> 0 
[0005] ~<D&?t£Xt&ft1fite. ftOZloOHT-^ioTlWffll^HSwfciSftlbix-CV^. — 

[0006] IH2te. 5|±(f5g^^#^(cteT$^^^«^^¥^ B e B^rr®^^^ 
[0007] ^^7^^COPt5*tC^W^#tt*^b$*S***Grown-in^H&-C*> bg 

[ooos] wufc36 s fe, 3£^^*5^t^*^SlHIsg^« : bv^m^^^-^*v^, copnmm&zz. 
Bfe#»ij#P t-£5^ H&^y— *g&tf> w^-efc^o 

[0009] WFXlfifc 1 & imf^S* 2 JUT V ^ WZ&^al *3 SGrown - injK Pfe^ 

[ooio] SP^, ii#wcz§l±tf -ettx ;l<d/c& 



WO 2006/022296 1 PCT/JP2005/015346 

m iw » 

2004^8 25 0 Km®£;ft,fc 0*11 #B^ffi0^2OO4- 2460 17 -5§\ 2 
005^6^ 2 0 fcHHRSit*: 0 ^® #W-tU0^2OO5 - 1 63 1 52-5§-. 2005^8^ 22 
0 ^^$nfc0^S#ff mf^2005-239529-^{CML^*i^eSb. ^(D 

[0002] i/y=^^*wN©^^fc5vy=^jiSS^JK^fe^bT^w<et>^tt. c 

[0003] ^?L,xmm£tl%~>V^>^MiM>ia-£, ^W^lST?BI«t«5#* Oii 
[0004] ^ B B B @^f^0^ra{u®tClJ^(^)OSF^^|M^d^>^{c^LTV^o 
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U lZffim-fZ>V&%-&&fi:i%<n 3 I -tff ^#£SU£ Ut'b , Grown - inX lfa?V—<D 

[ooii] hfrw^ m&t^fRxfcopte, T^os¥%^m^m(om^nm^ 
±vte^(Dfem$i<D^b, y^osF&±mii££&. w.iatt^MvmmtirttiiS: 

[0012] rtuc^j-u &&$\±if iFiztetfttvh^—^w&vjL&zx*), mmw&<om 

[0013] #*5, W^^ H B B ^*5ft^Pfe^y— fb^ll&oRflfirbtW:* m*-i*toVfX&3&Xfi 
[0014] #rF^lS.TJ ? **rr-^:^2^f5«6$tVTV ^ £pfc^te#:ft©J^K:«}:5Grown-i 

[0015] 1Wx.X, Grown-in^te^y— >fbOfc*©5l±»f^«5BB(^--^:ia3tpWB 
-C<D$Sffl)«<, Grown-in^P(^7y-^ B B B ^^W^«bV\ 
Grown-in^^y-^ B B 3 ^B%^«(-^oT#5-^^E|iT*fe«9 > Grown-in 
jXPfe^y— HSfi©545fi^e*9dSte<*5o ^(Dtc&blZ s Grown -in^Hl^— 3&hb 
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[0016] ££>K, Grown-in^Pi&^y— ¥^H B B^^^)5l±tf 5I£f&Eltf>?*>. «OGro 
wn- inj^ Pfe7 V—^bb *WktZ>tilto(Dm8mm ^ : EI 3 1> (DE - CO$5E@ 

Grown-in^Pfe^!J-^(PI^)^^^Waj^fliim^(^J;t>\ 12X10 17 a 

fcf2, PI|M^^^^SGrown-in^P<B^y"^B e B^M^#tt{^^V\ L/6>U 
PV^^^^^Grown-in^P(B^y--*gB B 3^it-e#fc^LT 1 b. 

SS*i»#(0a;fctf, [Oi]^l2XlO ,7 atoms/cm 3 )(C{jilJPg$tt, 
^PlH^^^V^PIfM^O^^^>^?>G^own-in^P(B7!;— ^B B B^^tti<^c 
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ftmcMl: ^^2001 -220289-^"^ 
4#fT-A*iK2:#M2002-l87794^a 
^^3:#H2000-281491^^ 
#rp^C^4 : #^2001 - 335396^# 

[0018] -&$£W<D g Wtt. Grown-in^Pfe^y— ^©5*), PIfH«a»S>fc5Grown-in 
[0019] frMkftJGfflW £5Grown - in^ W7 V — © Hj&&WlX*fflMktt:Z>&m& ' 

[0020] ^1^, &&*>b&x*<Dn&^mGc&mM i ftffl&x*<Diu.^mGekm-- frZ.tl 
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[0022] m5^\±if^tosFv>^(omm^R^^ / ^(^Bm^tr^xi^ 

[0023] HH(«0te. ^ B B B ^^^^^IBGc^ H B B ^^(D^^)SBGe^|ll 

[0024] ^tucMU ^H(^c^) te> *£ B B ^^wr^^IBGc^^Hl^lfp-eo^ 

[0025] Z.<D£?lZ^ Grown-in7V—Xl&i£Mi<Dl$mZ7km^mnX(D5\%±tfZm& 

&t>&z>^t\z.£v, v^osFmm^B^^xmmir^m,^mm^±^ v ), r 

n-in^^7y-0^ B B B ^, ^«tt)fSi^?l±tf t^^W^^^o £<b^ 

7^mnm^x(D^±i,fizxK).mi^^^(Dm^i-^T^(D^±ifmmvd 
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' -c' \zfc&z>$gm. mMm^^^x^m^smtm. Grown-in^Pfe^ 

[0026] 7Km#ffl^W5l#±tf^fl^^^^-^{-«t^Grown-in^P^7y-^Ofc 

^mmm^f^bixm-.^miEM 1999^6^30 (&ifti^gf B i^ 

^£JiliiooiEW2E#^=*-*b pi 1)0 fct, Tk^^tf^FS^ffl^^-ecz^ 

[0028] L36^,7K*^tf^flH4#ffl«'t'-CV/G^*^#V^7L«»*#T-eGZ 

H m <D&^mWl<VMMfct^^hfrZ>)ftX% (^2:E.Iino. K.Takano, M.K 
imura, H.Yamagishi : Material Science and Engineering B36(1996) 146 — 149^ 
t>*A'^3: T.H.Wang, T.F.Ciszk , and T.Schuyler :J. Cryst. Growth 109(1991) 1 
55-161). ^TcV/G^^/j^V^-T-^^^V^^T-Cfi, fel-mi/V=> 

Tl^5(;£Sfc4:Y.Sugit :Jpn. J. Appl. Phys 4(1965)p962) 0 
[0029] Z.(Dtctb, 31 £_L if mm&V ^^OSFfM^O^ ±~tZ> T lci£T£-£# 

<Xh. fcrnz^ft^ts^ffl^xczfex^Jiif tzM&. COPcDtL&zmdx 
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[0030] E36te, cz^W^i^^B B B ^^t-^{t5iioora±^^-co, 

y^cy^imm^fh^m^mm-r^o rr-e. vo, vcRxfvdittti^tLV^ 

fr&V&W&l&X&'O. Cv-OSF. Cv-COP^I^Ci-disHi, ^tiV^tlOSF])^ 
[0031] Grown-in^P(S^!;-^ B B B ^W^#^<t5^^H B B^^rp]{-V/G^, Gc^Ge© 

[0032] — §|#Jrt«^^VdJ;<9'b/J^<bfc^(IE|6(7)[H2]=0<D^)(C{i % *&T- 
^S/yn^^^^PjBai:^^. l&T-rai/y='>0^«Ci>Ci-disl^'9, 4& 

[0033] IU60CH2] =H1, H2(D<t5(-7Km^^t@^t-ig;V^'^. V/G^3fe^# 
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&Z.kttt&\ 7K^#ffl^"e^>5l#±tf SrU&V^JfrevWfc, Grown- injKPfe 

[0035] ^fcOSFi;>^^^C^I^#V/ / G^{^i9^V/G^^tV^it^l^SV>#^{C 

•J. as growntti, EP*>§I# Jifffc^^^H^^V^^-C, ^J?^ 

[0037] ^WC^a^sWNli, 7K5gSr^tf^^#ffl5l l p-CCZiSfe^«t9W^tb 

^Grown-in^Pfe^y— ^n^^^ A»0, ^^-/N^^^^i/y^v-® 
<te T- ffl v-y = y®©Grown - in^ Pfe^ V — m*&) * >bt£Z> ^ VlX *) ±IESUH 

[0038] #^©:>'y=>'¥^.ilW^&^ ^ 
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i/V =*>%L <DG rown - in Ra^ !J — <0 & § I #-t if "5J h£&PI 

[0039] ffiSE^y=>'¥ii£ii&W/£l-5&©#iB^& < ^iStttf^ffciTk*^*!**^ 

[0040] cir-e, 7km*ammmkte. ^mm^^^^^tsmmx^x^ 

mxhz>o ^<D*m^wmtt7kmtf*&&^*£&ft>z><> -^tk^w^w^ 

[0041] *fc#36W-m, 7kmt;mwmn*^tertz>7km'smvdm<Dmm&. *m#*& 

^m^M^>v^mw^xw^m^xmhr^7km^<Dm^K *mitm%)mz 
^^n^mm^mMm^x^x&^tv^tc^xh^o mz.it. ho<di* 

2 2 
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[0042] &&m<D^&<Dmjgjjmz.£fr\t, ^m^'^w^^xm^m^-^m^ 

[0043] *fc. *&wizio^x, mzrmi&5\z±ifm]£(Dmm : fr. T^m^^^^m 
ffim^fc-&mm^iztetfz>7kmm&tffrftf£Jj4. o~9. 33kp a (3o~ 

70torr) ^Ml^X3%^X±20%UT<Dmmi^^flXti:^t^X^ o 
[0044] ^PJ!{-*3lt^JtfB^Tf^^{-*5V^. 

HtlffiTK^^^VH {Wm%) ts ±fSVAir(fo&%) t, 7;^>VAr(M%) t, 
tfS, m#m®E112^#^(VH ) VAr, VAir)-e^-T<t5t-> 

,&A(100, 0. 0), ,&B(0, 100. Oh ,£C(0, 0, 100). ,&D(4, 0, 96), £,E(4, 
84, 12), ,#,F(75, 0. 25)XM$itl%7km<D^mm<D$umft<Dimz.m7££tl%^b 

m^tzmmt^x^^o 
[0045] ±m<Dmm^tz(on, mffimm<DftmRR&i>\&E(4., 84, 12)^0 

, D^SfcJ:^^^^^)^^^^^, *5ft^ic±ITO#<l00%-e<b,J: 
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[0046] (l)fcmWk&7!)mi2<DMA, F, L, J-CfflmStBH^^ 

ioo%<o£;c(o, o, loo^fpj^o-c^rt^^ia^m^^u MG(i8, o 

, 82), ,&H(18, 50, 32), ,61(59, 0, 41) , ^gH^h^cfafflt^mS^ilW 

^J«, *MlOO%<D,£C(0, O, 100)tmm<V%>mEi%-<D&H(18, 50, 
32)^^iE^^^AB^^M-rS^-r^5„ ,«&Ltt, *^100%tfX6C(0, 0 

, ioo)^iio#irps#<^^h(i8, so, 32)^^m^.mm±mn(Dm^-Wi 

EF^^M-T^^-efe^o 

[0047] (2)7kf«^, EI12<7>,#J, L, E, K-eig£tl^c«Sffl<^4§'£- 

®j£T^fc5cz^:&vvr, mi2^^j, l, e, Kx~m-£thtz.$am<Dtt:n<D&Mb 
\^b^(DWMx^n.v-^^^tz.-m^-. ^Mbd^^.100 
%<tx&c(o, o, ioo)^iP]^^oT^p^o#iii^;#Mf*^bu, i&-f,£DEF-eia3; 

{C^^pr^-CfeSo ,£Kte, ^100%<D,#,C(0, 0, 100) tm^^m 

fig^<0.£E(4, 84, l2)^^E^^#ABi:^M-r5^-efeSo 
[0048] (3)*§?mg^lI112£>,&K, E, D, C, BT'll£H*l$&lll<£>®-S- 

MffiT{-fe^CZ^(C*3V>-C, EI120,£K, E, D, C, BT'ffl^fcfBlIHrt^ft^O 
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mmzm^-tzi&fttf&y. &K<D±m*m^x7km7!)mffi£tt^mm>hz>j>K 

[0049] ^ft/E^te, lOton\£JUi> ^*b<{*30torr~200torr N £?*L<te. 30torr 

~70torr#M£U/\, ^JE^T&Kte, *|iO#JE75Mg;<#5^ i»33J:U^ 

[0050] ^W^v^te, Jife(DW^fe(-*5tt^PI^?l^±(fM$50Bi$tL/c§l 

[005 1] 7K^^tf^tt#ffl^^^w^^'>y^>^^^^7K^^:«^ wmm. 

[0052] glJ^^^TK^^^^s — ^U-cDfellJ^^^tS^cOTK^^-ff {C#t#LT#:£^ 
P =kC ir,^$^o--^\P {i#ffl^'P^7k^^l±, C 

H2 LH2 H2 LH2 
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c =k' c = (k' /k)p fc.-*$n«.r.c.-c.c tej&Ji'p" 

SH2 LH2 H2 SH2 

[0053] ^i^^^llM^^^TK^^^SB^^^TK^^ff^y^i-^^T^ 

[0054] ^ZSmOi/V^ 1 ?^— s^ft, PW(Polished Wafer, '<) tC<£ffiT?£5o 

[0055] ^^cD^y^v^*— ^Mi, Tk^^-a tf^^tt#BH^ c t 3 -e : t^;$ti!>^— -^^^ 

X, ZrMftls i^^^fil0~20X10 ,7 atoms/cm 3 (Old ASTM F121-19 
79). £W£V<n. 12~18X10 17 atoms/cm\ ||M&Si&^:450 < C~1400 < C 
, J:9»*U<tt, iioo c C~i250'C, ^K:0^-boiSfflf^5J;5K:tS;^-r5-i: 

[0056] ^<Dm. ^ B 1 3 I P^^^^MOi]^10~20X 10 17 atoms/cm 3 tf>iiiS^ 

[0057] wOi, !£*§iSi*fc:fctt3^*MOiJ£lOX 10 ,7 atoms/cm 3 i^T^ 

[0058] ^pjov-y^v^^w^fe^. TK^^-a &^fe&wmm.<pxi/v=i>m& 
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'>y=vflEi&«i*(PIffi*)t*t"Swi:»!:J:9, Grown -in^Pfe^D— ¥^h b h^ 

[0059] JiflcWfctt, *&^^^=^^Grown-in^Pife^y-- < Bi^(Pm^)d^^-5Gr 
own-in^P^y-^ B B B ^?l#Jiff^^PI^?l^-t^M$5ffl^^^» 

Grown-in:fclfe:7y-i^S&)0*^ 

[0060] £fc, ^^K^Tte, ftute^?a-t4#ffl^ , P^*5{t?)7Km«^^rtffilOTor 
r£JUb, £fc}230~200Ton\ £9#*L<i*30~70torr{£^T3%^_hlO%£AT 
, &fcfct, Ell2tfX£A(100, 0. 0), ,&B(0, 100, 0) , ,£C(0, 0, 100), ;&D(4, 0 
„ 96), £E(4, 84, 12), ,6F(75, 0, 25)-C'ES*tt^7K^^»lEf5lffirt^itt^ 

is^i-s^-c, ±se<73®iig^§i#±tf^%i£^L.TGrown-in^|5fe7y— >y=> 
[0061] ^mmsswctt, ±fE©Hffi£^»t-*5ttSPi^«c5l# -b»f >£«*5Bl©.fc5fc:, 
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. |RlP#(^^^-eGrown-in^PlB^i;-^ H B H ^5l#-htf & 

^^ B B H <Z)?l#±{f'5J^cC?l#±{f31SSElffli:i-^-^^#, BJtM^d SCSI'S 
$M££tf>3l#-t»f fcfcift^J&s-C*. ^H^)^fR]JbbT, ^ayflSft, fc£ 

[0062] 7K5tt^^*Dft»-ov^tt, ^&ttt&&mm&±tf ft ttto - 

(Dfc&TPSKoVvTOO. l#^%WJitfWl£lX, 3fW*%#.k#«Mi:#*LV\ 0 

o 

[0064] 3&*3, m^'^u^^mmiGc^mn^^ummiGex^^m, 3\± 

[0065] Ge >GcO^^, zK^^Jt^oT, y ^OSF^£|«:fc£t>*COP^ 
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» ^^LTGrown-in^Pfe^U-^B B B^^#^V\ &fc, Ge>GcT*Ge£Gc 

o 

~~"C % — /W&S£b~Cte, fd^L^RTA (Rapid Thermal Annealing) 
tL^^^-e#. 1100°C/Nbl350 o CT% 0#a_h, ArlfcfcteHe, ^fcttNH^^tf 
Ar^fc{iHe#IIa^^iV^9J;9^1/^/t 0 ^V^-C*3w^5-^^-e#, dtf>KU DZS 

^ fe:7 y_r>^_ yN -e x ±fB£l^#ORTA^gi£?T?£\ *£&WJ5fcH#fc:3gJUS§&ftP 
Vfg*sK*3J:t^y^OSF^-eW:, &^Wmfe©&ateiMXaspi$Wfc£JfctfcbT 

^^(CtSPi^^^^^^^^ffirt"^*^ - <CGrown— in^Pfe^y— ^wn-C}^: 
[0067] ^ISKtuinJi. 7K*^tf^S14#EB^ t F-C'>y= 3 ^^SS:§l^±^-^^ 
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[0068] m\Y&M*&^^tert&xw^mx*thz> 0 

t^tixy*:^ ^m&x% &^7km^m%x<D$\%±.\?<Dm&*^x\ 

Mot, 7kmwm^x(DB\^±if^x^xm^(Dtc^(D^vyG(D^b^ 
mxh&o 

ms^mx^<Dm±m^^yGt^m^<Dmm^xK>^mmxh^x\ 

^m%x<n?,\% ±.if iz£ZW&^±<vtzfr<DV/Gm&<Dlfc*:%:^1r 0 

m9M^ B iiLmtGrown-mx^yv—m^nhti^\^±iTjM^mm (-^— 
) b<Dm&z^irmmx3bz> 0 

m 1 0]tK m # EB 5 1 # Jb If in £Z> 3 1 1 ±{f %£g£ffii£(Dmk%^1rmi£m X%> 

mn^mnmux(D^±ifizx^UM i m^^t^mi-^tc^(Dv^\^ 
±mm<vfti&mm^mxhZo 
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[0069] 1 ttfift. la ^itfi®. lb 1^,2 k— 3 WMMWi. 4 3l_Bf«U 5 

[oo7o] j^t, nteftm*. mm\z.m<5^xnw-fz>o 

[0071] £^cz^*^-ov^t£pj!-r5o 

tv^o mmmmfe. m^x^m^m. ^m^m^y^h^mvtcm^x^ 
mMmft7(Dftm*. ±^»bTi^n^^x^tmmi-^'r—^—m^ 

[0072] ZCDCZ&n, 0U;tfif, @tIE@^210mm. ^■rVS^^{^1200mmO200m 

^SfM^«*470mm, ST^f-:ktt6S/J^@Stemtf270mm, *^fa<D 
*gWte0i|;ttf 100mm, iS&R^SDT'fcSrtffi^SE^rRJt-^i-^t «:0!l;ifcf2 
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[0073] ±tmmm^(D^^mm-m^m^^x3\^±if^nvm^. m&frbwox: 

&X~<Dm*faM.mmZt*. m&&<P>b1®(Gc)-V3. 0-3. 2X:/mmXh<9.mm 
M(Ge)Xte2. 3~2. 5X:/mmX\ Gc/Geli^l. 3bteZ> 0 ^<D#tfiite> 3l#_b 

\TM^^xh\^b^^t>h^\ 

[0074] #^ Gro^n-mxmyv—^^f^ir^tc^cDmmm^m^mz.^^ 

XWlWTZo 

[0075] ^T7K^^^^PlB^ifB^#^^ai#±tfM^^$Qffl^St-^cfe^ 

X @ HiE^ fflji&210mm(DW&uB$:iSJ&~tZ>o 
[0076] 1P*>. ^>o{rp^I^K*ifi^>'i;=iXZ)^^ l rB^!lx.iil30kg^Ab. -|^ B B B©iM 
mtim&fJiMCDW.. mj^lOQcmlC^J^t-pSKB, Al, Ga#) ^fcfinM (P, 
As, Sbf)©K-^Vh^iWo ^®rt^T^=?V#|l]l^T% $U£<£>1. 33—26 
. 7kPa(lO~200torr)tU 7km&7/^^\Z.M\^X10fcm%&T<D±U<D&T'fc 

[0077] #^-et— ^2iZX^m\VXiy])= 1 ^^M^s mW3t-r^)o v"-K^-¥2> 

o^ B B B g|#Jbtf^*5^9o |gif B ^{ifi{ioo}. {iii}^c{*{no}covN-rn^u 



[0078] ^Vft$^0U^ ( ^3OOmm(Cjgbfcn#^-e % 3l£±ff ^^i&^^J^^ 

[0079] -(^tCLTj!^*^^^^^ 

. m&W&^&mft&ft&ftMU Grown -in$:m<D5rtG&m&i-tt 
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mm&cui'V-v-'iFm&m^-tttfti^ hf/hno 3 js^jsttftcaatu 
[0080] -<DG e yGc^i^mtc^m^m^±irmm%:m^^x^^ntc.^B(Dxm^ 

o*9 % H4©E' -C t?^i-<t5{-, ^TL^OGrown-in^Pfe^y— ^g*£(PV 
-efcS^SI tff fflflEii^fc £ * ffl =• >-M£>Grown - inj^ Pf6:7 JJ — SH^c ( 

7 -C' T^i-PI^^O^^^Grown-in^Pfe^y--^B B B^5lt-hffS/c^ 

_btS<Z>J;5&3l#-t{f ^l-±^"C, COPf«, OSFy^^Sfc, VlGrown-in 
^f^(PVfgi$) *5j;LKlMGrown-in^RB7y— fH$c(Pl£W$) , 
^fg^O^PlB^^V/G^TK^^^^^M^ (08) ^#fetl^>o 
[0081] 3I^Jrff)£i££g£te£ii:5fill^ 300ram^b600mm, 500mm^)^800 

mm^it^700mm^^l000mm^a:5^^S^4^iC©M^^i''5-^T% Gro 

119^(1119)^^^^0 r<^l2l9d^s Grown -in^Pls^y— W&n%*:'i%tt#><n 

[oo82] ^td, ^-«^^-^N<DMat^-^t-ov^ta0j-r?> o 

[0083] Eig^^^^i-ig^tEfflrt^^ltiifM^^i"^^^®^^^ 

^iaoT, h^^^b^h^T'— ^^T^Grown-inj^Pla^y— ^^HB^^fife 
[0084] ^LT. 7km£#ffl^-C<£>3l#-Bf i-SrirfCtoTGrown-in^Pfe^y-^^S 
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£D^ll*^|lll^i-«t9^01 : ^l£^C-r^^^(-<J:oT N Grown -in^Pi&^y—^ 

[0085] *fc, 09OH»-C**ixfc±lfiffi^±^±KflC«>i- 7mm8tSkPVDm8£K-3\i< 
Jttf££&K:j£Ui:»g\ Grown - in jkPfefi^^f-^y—^^^V^^, 1MX 

[0088] ^Ife^l^^^ 

Septet t), JI8£g#i^#fcCOP:fcJ:iJ^fc*7X*«r&*i\ ri>o, ^T-^i^y 

% V^^Grown-in^Pl0yi;-¥^ H B B ^^l#±^l^f-«PI^5l#Xra^ 
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